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Introduction
According to the National Biodiesel Board, in October 2007 there were 105 biodiesel production facilities operating and 77 facilities in the planning or construction stage in the United States. If all of these facilities were operational, the estimated U.S. biodiesel production capacity would exceed 2.5 billon gal. This level of production would produce nearly 1.3 million tons of glycerol, the primary coproduct of biodiesel production. There has been much interest in utilizing crude glycerol as a feed ingredient in animal diets. However, little is known about glycerol's nutritional value and its effect on carcass characteristics. Previous research has shown that the unsaturation index of carcass fat can be reduced when pigs are fed glycerol. 1 Appreciation is expressed to the Minnesota Pork Board for partial funding of this trial. 2 Appreciation is expressed to New Horizon Farms for use of pigs and facilities and Richard Brobjorg and Marty Heintz for technical assistance. 3 Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University. 4 Department of Animal Science, Iowa State University, Ames.
Thus, combining glycerol with an ingredient high in unsaturated fat, such as dried distillers grains with solubles (DDGS), may improve carcass fat firmness.
In addition, research has shown that DDGS levels ranging from 0 to 20% of the diet could be fed without negatively affecting growth performance. Feeding DDGS has been shown to affect carcass quality and characteristics when fed to growing-finishing pigs. Specifically, feeding DDGS has been shown to reduce percent yield and carcass weight, increase carcass fat softness, and reduce belly firmness. Therefore, the objective of this trial was to evaluate the effect of dietary glycerol and DDGS on growingfinishing pig performance, carcass characteristics, and iodine value (IV) of belly fat, jowl fat, and backfat (BF).
Procedures
Procedures used in these experiments were approved by the Kansas State University (KSU) Institutional Animal Care and Use Committee. The experiment was conducted at a commercial research facility in southwest Minnesota. The facility had a totally slatted floor, and each pen was equipped with a 4-hole dry self-feeder and 1 cup waterer. The facility was a double-curtain-sided, deep-pit barn that operated on mechanical ventilation during the summer and on automatic ventilation during the winter. The experiment was conducted in late summer and fall of 2007.
Jowl, BF, and belly samples were collected from 2 randomly selected barrows from each pen from the d-97 marketing group to analyze fat for individual fatty acids. Samples were collected and frozen until further processing and analysis.
A total of 1,160 barrows (PIC, 337 × 1050, initially 68.4 lb) were used in the 97-d study. Pigs were blocked by weight and randomly allotted to 1 of 6 dietary treatments with 7 pens per treatment. Each pen contained 27 to 28 barrows. Pigs were fed corn-soybean meal-based experimental diets (Tables 1, 2 , 3, and 4) in meal form across 4 phases. The treatments were arranged in a 2 × 3 factorial with main effects of glycerol (0, 2.5, or 5%) and DDGS (0 or 20%). Multiple lots of glycerol from the same soybean biodiesel production facility (Minnesota Soybean Processors, Brewster, MN) were used in the trial. All experimental diets were balanced to maintain a constant standardized ileal digestible (SID) lysine:ME ratio within each phase. For both DDGS and glycerol, the NRC (1998) ME value of corn (1,551 kcal/lb) was used in diet formulation.
Pigs and feeders were weighed on d 0, 14, 28, 42, 56, 70, 84, and 97 to determine the response criteria of ADG, ADFI, and F/G. The pigs in this study were marketed in 2 different groups. First, on d 70, the barn was "topped," meaning the 2 heaviest pigs from each pen were visually selected, removed, and marketed. The remaining pigs were marketed on d 97.
At the end of the experiment, pigs from each pen were individually tattooed with pen number and shipped to the JBS Swift & Company processing plant (Worthington, MN). Standard carcass criteria of BW, loin and BF depth, HCW, lean percentage, and yield were collected. Fat-free lean index (FFLI) was also measured by using the equation: The fatty acids results are represented as a percentage of the total fatty acids in the sample.
Discussion
Data were analyzed as a randomized complete block design by using the PROC MIXED procedure of SAS with pen as the experimental unit. Main effects and interactions between pigs fed glycerol and DDGS were tested. Linear and quadratic polynomial contrasts were used to determine the effects of increasing added glycerol.
Adding up to 5% glycerol to the diet did not influence growth performance. This response was expected because glycerol has been reported to have energy content similar to that of corn. However, in previous research at KSU, we observed reduced ADFI when finishing pigs were fed dietary glycerol; we believed this was due to decreased palatability as a result of prolonged storage. Because adding glycerol to diets did not influence ADFI in this study, palatability does not appear to be an issue with this glycerol source.
Results
Overall (d 0 to 97), there were no glycerol × DDGS interactions (P > 0.12) for growth performance, carcass characteristics, and IV. Increasing dietary glycerol did not affect (P > 0.14) any growth performance criteria (Table  5 ). Adding 20% DDGS to the diet did not affect (P > 0.73) ADG; however, pigs fed diets with added DDGS had greater (P < 0.02) AD-FI and poorer (P < 0.01) F/G than pigs not fed DDGS. For carcass characteristics, increasing dietary glycerol tended to increase (linear, P < 0.11) yield (Table 6 ). However, increasing glycerol in the diet did not affect (P > 0.17) carcass weight, carcass weight variation, BF depth, loin depth, FFLI, or lean percentage. Adding 20% DDGS to the diet did not affect (P > 0.18) any carcass characteristics. For carcass fat quality, pigs fed diets with added DDGS had increased (P < 0.01) linoleic acid, total polyunsaturated fats (PUFA), Unsaturated fatty acid:saturated fatty acids (UFA:SFA), and polyunsaturated:saturated fatty acids (PUFA:SFA) in jowl fat, belly fat, and BF compared with pigs fed diets with no DDGS (Table 7 , 8, and 9). However, increasing glycerol tended to decrease (linear, P < 0.08) linoleic acid, total PUFA, (linear, P < 0.10) PUFA:SFA, and (linear, P < 0.11) IV in BF, with no change to jowl and belly fat IV (P > 0.24).
Contrary to previous research in this facility, the addition of DDGS to diets increased ADFI and worsened F/G. We hypothesize that the DDGS used in this trial had an actual ME value lower than our formulated value, which was the same as corn. Even though there was not a DDGS × glycerol interaction (P = 0.12), the 2% poorer F/G and greater ADFI for pigs fed diets with 20% DDGS was largely a result of responses when DDGS was added to diets containing glycerol. The F/G for the diets without glycerol was similar regardless whether DDGS was included in the diet (2.52 vs. 2.51). Previous research has demonstrated that feeding DDGS results in decreased carcass yield and increased carcass fat IV. Although a decrease in yield was not observed in our trial, carcass fat did become softer when DDGS was added to the diet. Glycerol appeared to improve percent yield, which was not expected.
In conclusion, feeding pigs 20% DDGS worsened F/G and increased carcass fat IV, whereas feeding glycerol did not influence growth performance but tended to improve carcass yield and reduce backfat IV. 
